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These have been termed the a1 and the 8,/ lipoproteins on the basis of their electrophoretic mobility (1) (2) (3) (4) (5) . The broad spectrum of low density lipoproteins that have been observed particularly in patients with arteriosclerosis by means of the analytical ultracentrifuge (6) have not been classified in terms of electrophoretic mobility because of the difficulties in characterization by classical electrophoretic procedures (7) (8) (9) . Nevertheless, these lipoproteins have usually been considered as /3 lipoproteins.
Electrophoresis on filter paper, obviating solution density problems and permitting lipid analyses of the more stable whole serum has revealed the two main "alpha" and "beta" lipoprotein components. Another fraction observed at the site of origin is considered to represent adsorbed lipoproteins (4, 5) particularly the chylomicrons (10) .
This fraction is not observed by zone electrophoresis in a starch supporting medium, but an additional lipoprotein peak in the a2 region has been found in the sera of fasting normal (4, 11) and arteriosclerotic (12) individuals. Relatively little information is available regarding this component except that it was shown to rise after meals, particularly fatty meals, as indicated by phospholipid determinations (11) .
The present report represents an attempt to define the a2 lipoproteins further in terms of both zone electrophoretic and density ultracentrifugal
properties. This fraction was examined in the sera of a limited group of fasting normal and arteriosclerotic individuals and was found to consist primarily of lipoproteins less dense than d2"
1.018.
METHODS
Preparative ultracentrifugation of the human sera was carried out in accordance with the basic principles of differential density centrifugation of the lipoproteins as described by Lindgren, Elliott, and Gofman (13) and de Lalla and Gofman (14) with very minor modifications. The Spinco swinging bucket rotor SW39L was used in the Spinco Model E ultracentrifuge instead of the angle preparative rotors. Various low molecular weight solutes were used to effect density increments for isolation of low density fractions and initially layered solutions were routinely employed.
The purposes of this study were met by a gross fractionation with no density gradient of solvent but rather one due to the distribution of the serum albumin after the centrifugation to effect sufficient compartmentization to quantitatively maintain the separation of the serum into top and bottom fractions. Very slow acceleration and deceleration were employed, approximately 1000 rpm per min. In the Model LH preparative machine the insertion of a drive current meter enabled acceleration and braking at a given constant current similar to the operation of the Model E. This required constant manual slow movement of the speed dial. In general the Model L machine proved less satisfactory for accurate work with the swinging bucket rotor because of disturbance just prior to stopping.
In order to be able to carry out electrophoresis of the ultracentrifugal fractions without dialysis, the density increments were made with D2O or sucrose solutions or barbital buffer pH 8.6, ionic strength 0.05, with rutin added to give fractions containing 1 to 10 IAg. per ml. rutin (15) . For preparation of lipoproteins less dense than 1.20 g per ml., a saturated stock solution of KBr and NaNO, (1.58.jg. per ml.) was used to effect the density increase and the angle rotor 40.3 was used. This enabled 1.5 ml. of 1.20 solvent to be layered initially on the mixture of 3.0 ml. serum and 1.5 ml. of the 1.58 jg. per ml. stock solution. Divided sector center pieces were used in the analytical ultracentrifugation.
The supporting media employed for the zone electrophoretic separations were thoroughly washed with at least 4 volumes of buffer over a filter prior to pouring the starch block. This was found to be important particularly with the 0.05 ionic strength buffer to prevent pH changes during the course of the experiments due to the ionic exchange at the surface of the granules. The procedures used for preparing the self supporting block were similar to those described previously (11, 16 (4) . Starch presents a number of hazards in regard to the extraction of lipids and a wide literature is available on the affinity of certain lipids for the starch granule particularly in the presenice of polar solvents (18) . However, with certain precautions good recoveries at least of cholesterol and phospholipid were achieved. Those experiments where poor recoveries were obtained are not included in this report although they did furnish some information particularly relating to the mobility of isolated fractions. The polyvinyl resin (Geon 400 X 65)1 was used as the supporting medium in a number of experiments. This is a non-swelling medium in contrast to starch. The separation of the serum proteins was slightly inferior to that obtained with the starch medium and dilution of the serum with buffer was particularly important. No problems were encountered in extraction and recoveries of approximately 95 per cent were found. The protein distribution was obtained by analyses of a separate serum, sample fractionated on the same starch or polyvinyl block and partitioned into identical size segments as for the lipid analyses.
RESULTS
Chemical analyses on the segments obtained by starch electrophoresis of whole serum at pH 8 The protein curve serves to define the mobility of the lipid distribution shown as both total cholesterol and phospholipid. The albumin is in segments, 23-29, gamma globulin is in 2-11. This figure shows that the lipoproteins are distributed among three major groups. In this buffer the fastest lipoprotein peak falls more directly under the albumin than in buffer at 0.1 ionic strength. The a1 protein peak is also invisible at this buffer concentration (11 dence that adsorption is playing only a minor role in this medium even with these large particles since the turbidity boundary in free electrophoresis also usually migrates with the a2 globulin (20) .
Three fasting sera have been chosen in Figure 2 to illustrate the range in concentration of the a2 lipoprotein. In the upper curve a serum from a normal young male is shown with about 4 per cent of the phospholipid in the a2 region. The middle and lower curves are from arteriosclerotic individuals with 38 per cent and 21 per cent, respectively, in the a2 region. The recovery, calculated in the upper and lower separation, was 95 and 91 per cent, respectively.
That the a2 peak is not characteristic of starch alone is shown in Figure 3 . The upper curve is a pattern from a fasting serum from another patient with arteriosclerosis separated in starch and The top fraction migrates in the a, position and the a2 component disappeared in the bottom fractions.
the lower curve in polyvinyl. The general shape and amount of the various peaks are quite comparable despite a marked difference in electroosmotic flow as indicated by the different locations of the point of origin in the two patterns of Figure 3 . Evidence was obtained for some retardation of the /,3 lipoprotein in traversing these porous media. In the starch the maxima usually appeared on the slower side of the ,8-globulin protein peak but in the polyvinyl in which the migration relative to the medium actually was in the opposite direction, the maximum was usually found on the faster mobility side of this ,8-peak.
In Figure 4 is shown the phospholipid distribution for still another whole serum from a patient with arteriosclerosis along with the top and bottom ultracentrifugal fractions separated at the serum's own protein-free density d20 1.006. The top fraction was from 2.5 ml. of serum compared to the whole and bottom fractions from 1 ml. of serum. When corrections were made for these volume differences 0.26 mg. phospholipid was found in the top fraction and 0.25 mg. disappeared from the a2 component of the whole serum. The three patterns in Figure 4 tom fractions together thus serve as a checl the electrophoretic procedure. The total p pholipid in the /3, and a, components is indic in Figure 4 and shows that there was little ch; in these following centrifugation.
The analytical ultracentrifuge was used as a trol for this quantitative preparative fractiona Figure 5 shows the analytical ultracentrifugal terns of the lipoproteins from the top and bol fractions of Figure this experiment is not shown, but rather the measurements made on a two-dimensional comparator. Several frames were analyzed, and the concentration gradient distributions with respect to radius were converted to a distribution with respect to C4 sedimentation rate (13) . The pattern drawn in A Figure 5 is idealized to the extent that some of the g diffusion has been eliminated by extrapolation tõ the latest time picture.
C.)
Because of great individual variation of lipoprotein distribution in whole serum, fourteen sera were examined in this same manner, and all were found to yield top fractions of a2 mobility. Fig-[EREN Figure 7b , and as a control the second fraction containing the 1.015 to 1.018 molecules is shown in 7a. It has a slower flotation rate as expected. The relationship of this division to the lipoprotein spectrum of the whole serum can be seen by comparing with 7c. The electrophoresis of the top fraction is shown in 7e, being almost entirely a2. In a separate preparation, the top and second fraction (above the albumin boundary) were mixed. This yielded the centrifugal pattern of Figure 7d , and the electrophoretic pattern of Figure 7f , which contains t, lipoprotein as well as the a2. Thus the density 1.018 in this serum splits the a2 and f,h region. A d40, 1.018 corresponds to Gofman Stl2 provided the published flotation rate dependence on solvent density is universal (13) .
Whereas no light lipoproteins (d20 less than 1.018) were found with f,t mobility, it was observed that in three sera out of fourteen studied, removal of these lipoproteins still did not eliminate all of the a2 region of the whole serum. An example is shown in Figure 8 , which is the whole serum and the d20 1.018 bottom fraction of the same serum which was shown in Figure 7 . Here it can be seen that less than half of the a2 region was removed at a preparative density of 1.018. Further results obtained by increasing the preparative density revealed that this remaining a2 lipoprotein has a density between 1.02 and 1.07. This a2 could be due to the d20 1.05 (S1.21 20-25) component suggested by Lewis and Page (9) . However, other sera which showed a distinct 1.05 component in the analytical ultracentrifuge did not show a2 material of this density. The phosphopeptide described by Hack (21) and Havel, Eder, and Bragdon (22) which accounts for 5 to 10 per cent of the serum phospholipid is not specifically separated from the al lipoproteins in this procedure of electrophoresis of whole. serum. Several sera were freed of lipids and lipoproteins less dense than 1.20 in a layered preparative method and pipetted deep to remove all top fractions. The bottom fractions were concentrated by ultrafiltration and analyzed. They showed a ratio of less than %5 cholesterol to phospholipid. On electrophoresis, the amount in the a2 region equivalent to the 1.5 ml. serum usually used was within the experimental error. Most, if not all, was in the a,-albumin region, and hence the a. lipoprotein peak of whole serum combines this material with the high density lipoproteins.
DISCUSSION
Although the series studied was quite limited, it did serve to indicate that the procedure of zone electrophoresis employed here does not provide a preparative technique superior to density fractionation. It does appear that the very light lipoproteins (d20 < 1.018, Sf > 12) migrate as a distinct fraction in the a2 region rather than as part of the f, lipoproteins. These lipoproteins that are so heterogeneous in respect to size appear relatively homogeneous electrophoretically.
The relationship of the electrophoretic zones observed in this study to lipoprotein components obtained by ultracentrifugal methods is shown in summary in Figure 9 . The vertical axis is the relative concentration distribution in the absence of diffusion. The density fractionation distribution is shown inverted along the diagonal axis because of similarity to analytical flotation patterns at a high solvent density (d20 1.2). It should be emphasized that Figure 9 is a somewhat idealized illustration and that the distribution of lipoproteins will differ considerably depending on the type of measure which is used for the relative quantitation of the lipoproteins; here phospholipid is implied for both the mobility dimension and for zones successively floated out of serum by increasing the solvent density. Further subdivision of the lipoproteins will also, undoubtedly, be obtained with more refined technique and different conditions of electrophoresis or centrifugation. It also seems highly probable that lipoproteins in pathological as well as some normal sera will not always appear in the groups indicated in the three dimensional diagram shown above. The yellow lipoprotein described by Hunter in certain normal sera (23) and the lipoproteins appearing post heparin (13, 24) may be examples.
Variations in the gross chemical composition of certain molecular density bands has been pointed out (13, 22) . Consideration of this further resolution and the finding (4, 25) for the low density lipoproteins on the basis of their solubility properties is apparent from the present study.
The fasting sera in the present series which showed a large a2 fraction by zone electrophoresis were all obtained from patients with arteriosclerosis and contained increased amounts of Sf > 12 lipoproteins. The number studied, however, was too small to draw any conclusions regarding this condition. The problem is made more difficult by the distinct relation of this component to particular diets and variations regarding the time of the fasting period. The high ",/" to al ratio reported in the sera of patients with arteriosclerosis examined by paper electrophoresis (26, 27) and by Cohn fractionation methods (28) is accounted for in part by the inclusion of the a2 group of lipoproteins in the ",8" fraction obtained by these procedures.
Determination of the neutral fat content of the a2 fraction presented a number of difficulties mainly because of interference from the buffers used for the electrophoretic separation. However, a limited number of observations indicated that it was high in neutral fat relative to the a1 and flh zones. This was to be expected from the known composition of the low density lipoproteins (22, 29) . There also appeared to be a parallelism between the neutral fat content of the whole serum and the height of the a2 peak. More 
